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249 Necessary still to learn the actual time of combustion of both, 27 1 

250 Relations of force transmission, and of ductility of the material of the gun, to gun- 

cotton explosion; wrought-iron would make the best field-guns for gun-cotton 

ammunition, 272 

251-252 Effects of gun-cotton explosion on cast-iron guns, 271 

CHAPTER XXX. — Material of the Gun in Relation to the Chemical Action 

of the Charge. 

253-255 Products of the combustion of gunpowder and of gun-cotton ; their respective 

chemical actions on cast-iron, wrought-iron, and gun-metal, 273 

256 Enlargement of the vent in great part a chemical action ; a true deflagration of the 

carbon and iron copper vents ; new vent suggested, 273,274 

CHAPTER XXXI Of the Position of the Trunnions upon the Strength of 

the Gun. 

257 Action of the recoil in stretching the metal of the gun, 274 

258 The longitudinal strain upon the gun by recoil when the breech abuts against a 

fixed point, 275 

259 When the gun is quite free 275 

260 When fixed rigidly on trunnions, 275 

261 The longitudinal strain of recoil is a minimum when the gun has no trunnions, but 

abuts against the breech, 275 

262 Strains in three directions always act on the gun, two of which increase the distress 

due to the third, 276 

263 Effects of compressive or extending strains normal to the faces of a prismatic bar; 

upon its resistance to tension in lieu of its length ; Barlow's, Vicat's researches ; 

the least distressful mode of mounting a gun, 276, 277 

CHAPTER XXXII General Comparison of the Constructive Constants ok 

the Materials for Ordnance. 

264 Table XIV. — General Table of the physical properties of the principal materials of 

construction for ordnance from British data, 277 

Table XV. — Comparison of weight, strength, extensibility, and stiffness, cast-iron 

being unity within practical limits, 278 

Table XVI. — Molecular properties of the principal materials for the construction 

of ordnance 278 

Table XVII Comparative financial relations of the principal materials for the 

construction of artillery, 277, 278 

265, 266 Discussion of the Tables; general results; wrought-iron superior to all other mate- 
rials in strength, in durability, in cheapness, in cost of transport in service, 279, 280 

CHAPTER XXXIII. — Of the Proper Construction of Guns in Wrought-Iron 

of the Largest Class. 

267 The difficulties of manufacture in wrought-iron; guns up to 12- pounders might 

be rolled, 280 

268 Smaller guns may be forged by hand even; Pottinger and Mallet's early wrought- 

iron guns; peculiar construction and value in certain circumstances, . . . . 280 
269, 270 Rolled wrought-iron tubes; Table XVIII. ; experimental strengths of Birmingham 

Tube Company's tubes; great strength ; causes, 281 



434 Mr. Mallet on the Physical Conditions 

SUCTIONS. PAGE. 

271 The construction, by rolling, of wrought-iron guns, cheaply and readily, up to about 

12-pounders, offers no difficulties, 282 

272 With enlarged calibers the rolling process must still be adopted; why and how, 

considered, 283 

273 Analysis of the forces acting upon a gun when fired, 283 

274 The limit at which no addition to thickness adds to resisting power ; Morin's, Dr. 

Robinson's, Dr. Hart's, Barlow's formula; for resistance of cylinders, . . 284, 285 

275 Barlow's paradoxical result, not the correct conclusion from his reasoning, . • . 285 

276 The limit of thickness for any material soonest reached with cast- steel, .... 285 

277 The gun bursting at one or both ends of a diameter, does not affect this limit, . 286 

278 Effect, the caliber continuing the same, of merely removing the material further 

from the axis, 286 

279 Effect, the caliber continuing the same, of separating the whole thickness into con- 

centric lamina, initially compressed and extended, 287 

280 Theoretic increase of strength thus effected for same caliber and thickness, . . . 287 

281 The conditions of 278, 279, combined ; results, 288 

282 Built-up guns of wrought-iron on the preceding principles, 289 

283 Calculation of strength in practice, 289 

284 Investigation of comparative and absolute stress and resistance of the external rings 

and of the longitudinal bars, 290 

285 Ratio of distress in guns made solid, and of the established models, tangential 

and longitudinal, 291 

286 Precautions as to radial junctions, 291 

287 Their enlargement at instant of explosion, evanescent; example in a 10-inch gun, 291 

288 Reinforce rings, sbrunk-on, not new, but the construction here proposed is so, . 292 

289 In practice, precise temperature of the successive rings unimportant, .... 292 

290 Discussion of the physical conditions of wrought-iron, contracting from high tem- 

peratures under strain, . 293 

291, 292 The work done divided between elongation of the bar and residual strain, . . . 293 

293, 294 Practical deductions as to shrunk-on rings, for whatever purpose, 294 

295 The cooling may be slow or sudden, as with wheel tyres ; distinction between those 

and gun rings; for the latter the cooling to be alow, and the iron annealed, . 295 

CHAPTER XXXIV. — Of the Relations between Annealing and Tenacity. 

296 Experimental knowledge deficient; condensation and arrangement of crystal by 

rolling, &c, increase tenacity ; annealing appears to diminish it ; the work 
done at rupture may, however, be a constant, 296 

297 The annealing temperatures of metals not determined; apparent relations to fusing 

temperature; annealing in the more fusible metals ; Baudrimont's researches, 296 

298 Changes of density by rolling, and by annealing iron, copper, gun-metal, . . . 297 
299, 300 Researches of the Franklin Institute, of M. Payen ; the work done at rupture in 

both states deduced from his results ; confirm the views of the text as to value 

of wrought-iron for artillery, 298 

CHAPTER XXXV Of Trunnions oe othee Fulcra in Relation to Built-up 

Guns. 

301 Trunnions, as hitherto attached to single- ply ring guns ; destruction through effects 

of recoil, ,299 

302 In built-up guns the recoil should be borne by a fulcrum in line of axis against 

the breech. Advantages of abandoning trunnions in all cases ; absorption of 
recoil not by dead weight, but by elastic material, 299 



involved in the Construction of Artillery. 435 

SECTIONS. PAGE. 

303, 304 Recapitulation of the advantages of built-up artillery of wrought-iron ; better 
material, better applied ; 36-inch mortars designed by the author for British 
Government, 300 

305 Remarks in refutation of the chief objections urged against wrought-iron as a 

material for guns, against built-up guns of wrought-iron ; American Govern- 
ment Reports, 301 

CHAPTER XXXVI. — Particular Conditions of Wear op Guns in Service. 

306 General forms of wear, 302 

307 Particular forms of wear observed in the United States; " Columbiads," their 

explanation, 303 

308 Stelliform enlargement of vents; its explanation, 303 

309, 310 Burnishing of the lower side of chase; its explanation; economy of wear induced 

by sabots, 304 

311, 312 The wear is, in part, of the nature of abrasion by friction; Morin's constants ; 

application, 305 

313 The wear in relation to charge, velocity, caliber, and weight of shot; wear of 

wrought-iron 6-pounders in America; of Colonel Simmons' 32-pounder, . . 305 

314 Ballotage ; what its conditions ; may be least in wrought-iron guns ; wear by atmo- 

spheric corrosion, 306 

315 Further objections to wrought-iron guns stated and answered, 306 

316 Special objections to built-up guns, answered 307, 308 

CHAPTER XXXVIL— Resume and Conclusion. 

317, 318 Precise scope of the work, not mechanical operations, but physical and mechanical 
science applied to form, fabric, choice of materials, and modes of application in 
ordnance, 308 

319 Recapitulation of subjects discussed, and conclusions arrived at under twenty-one 

heads, 309-311 

320 Wrought-iron substituted for cast in civil structures ; why not in artillery; con- 

clusion, 312 



NOTES. 


SECTIONS. 


A, 


1 


B, 


1 


c, 


2 


D, 


3,4 


E, 


15 


F, 


18 


G, 


25 


H, 


29 


Hies, 


59 


I, 


43-50 


K, 


89 


L, 


133 


M, 


141 


N, 


149 


o, 


181 



CONTENTS OF NOTES. 

PAGE. 

Discovery of gunpowder, and of artillery, 313 

Size of artillery ; power of shells, 339 

Distress from modern powder, 349 

Maximum pressure on elongated shot guns, 352 

Molecular arrangement of crystalline bodies under constraint 353 

Fracture of cylinders, . . 357 

Effects of remelting cast-iron, 358 

Limits of malleability ; zinc, cast-iron, 361 

Swedish cast-iron; relation between volume and strength, 361 

Baltic mortars ; sulphur in iron; cold-blast and charcoal-iron, . . ... 362 

Mechanical effect of expansion, 372 

Refers to Note C, Section 2, 373 

German steel, and refers to Note, O, 373 

Refers to Note S, Section 265, 373 

Cast-iron field-guns, 374 



436 Mr. Mallet on the Construction of Artillery. 

NOTES. SECTIONS. PAGE. 

P, 190 Cast-steel guns; Krupp's, 374 

Q, 206,214 Wrought-iron guns; Princeton; Gospel Oak; Mersey Steel Company, . . 377 

R, 214 Great forgmgs; effects of long heating and hammering; refers to Note Q, . 391 

S, 265 Physical constants of the materials for gun-founding, 392 

T, 266 Field batteries of wrought-iron guns, 397 

U, 270 American methods of proving musket barrels by water presure, .... 399 

V, 271 Field-guns of rolled iron; refers to Note T, 399 

W, 282 Dr. Hart's investigation, . 399 

X, 286 Eadial joints ; built-up guns ; refers to Notes K and W 407 

Y, 289 Shrinking-on heated rings ; refers to Note W, 407 

Z, 305 American Reports on wrought-iron guns, 407 

A A, 305 Large forgings ; difficulties; refers to Note Q, . . 417 

BB, 305 Advantages of wrought-iron guns ; refers to Note T, 417 

CC, 316 Effects of heating in service on built-up guns ; refers to Note W, . . . . 417 

DD, 318 Further researches needed ; refers to Note S, 417 

EE, 320 List of German authors, 418 



PLATES. 

PT.ATE. 

I. Directions of fracture in burst cast-iron guns, To face 146 

II. Molecular construction of metals, 150 

III. Effects of form and mass on castings, 162 

IV. Drooping at the muzzle in bronze guns, . . 185 

V. Molecular forms of cast and wrought-iron, 369 

VI. Change of structure in wrought-iron, cold, 259 

VII. Great bombard of Ghent; Bombard on bed, 319 

VIII. Mons Meg, Edinburgh Castle, external elevation and longitudinal section; Bhurt- 

pore bronze gun, 32) 

IX. Great wrought-iron gun of Moorshedabad, 324 



DIAGEAMS. 



Curved form of fracture in guns ; 146 

Longitudinal and transverse section of gun, with red-hot shot lodged within it, .... 1 75 

Vertical and ascending currents around heated guns, 177 

Curvature produced by change of temperature in guns, 186 

Quadrature of the curves indicating the values of T, and T, for cast-steel and wrought-iron, 213 

Diagram showing the comparative ductility of cast-iron, 216 

Effect of stroke of shot on thick plate of iron, . , 265 

Gun without trunnions, 274 

Direction of forces in the explosion of gunpowder within the cylinder of gun, 283 

Section of gun formed of separate, closely fitting, concentric cylinders, 287 

Section of a gun formed of a cylinder of equal voussoirs, &c 288 

Cast-steel 8-inch gun, '. . 375 

Effects of fracture in gun exploded in the United States Frigate, Princeton 481 



POLITE LITERATURE. 



VOL. XXIII. 



ANTIQUITIES. 



VOL. XXIII 



